Computer simulation has been widely deployed by the military for force-on-force based training but only more recently for training researchers, analysts, and war-fighters in matters of cross cultural sensitivity. This latter type of training gives the trainee a sense of "being inside" a target culture. We built the Second China Project as a hybrid immersive, knowledge-based software platform for use in cultural training. Is this training effective? More specifically, what are the effects of immersion on memory and other cognitive variables? We chose to base our research questions, not around a specific user group, but more generally around a category of training system--one involving the use of multi-user virtual environments (MUVEs). We present the architecture of an experiment designed to test whether MUVEs are effective training platforms, and to explain the process used in developing a testing environment to determine the precise nature of that effectiveness. We also discuss lessons learned from the earlier pilot study and ongoing experiment.
INTRODUCTION
Simulation involves the creation and analysis of models, including key aspects such as verification and validation. Models must capture an aspect of the physical world and then through analysis, we assess that model. Typically, this assessment is in the form of verification (i.e., comparing the model with the software implementation and the requirements) and validation (i.e., comparing model inputs and the output response to the physical response). For a particular class of model with objectives of education or training, our assessment is based on human testing. With the increase in the use of enhanced human-computer interfaces for computer simulation, we become as concerned with the effect of the simulation components on a human subject as we are with the accuracy of a model in its partial replication of physical behavior. This focus--human performance--extends simulation analysis beyond verification and validation into a broader category that becomes central to the simulation field, using methods of science to form the tool set. The term "human performance" is used to capture behavioral and cognitive effect.
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Our research is grounded in the Second China Project , SC 2010 . Second China is implemented in Second Life (Weber et al. 2008) . This project has two goals: (1) to construct an educational and training simulation environment for Chinese culture by using a linked Web/MUVE, and (2) to assess the simulation environment by measuring human performance. The first goal was achieved during 2009 and the second goal is ongoing with about 21 human subjects out of a total of 160 remaining to process.
We focus on the second goal by describing the experimental design and implementation and then summarizing key results to date taken from the pilot study and the ongoing experiments. The paper is not meant to reflect definitive findings since the study is not yet complete. Instead the objective is to describe a simulation-based engineering design and implementation required for assessment to occur. The paper is organized as follows: the overview of the experiment in terms of design and implementation is covered in Section 2, followed by a description of the instruments used for measurement in Section 3, and initial results to date in Section 4. Section 5 covers work related to ours, and we conclude in Section 6.
EXPERIMENTS
Our human subject study was based on the first phase of the Second China project where we constructed an MUVE and a web-based knowledge set of learning modules about Chinese culture. Several snapshots of the MUVE are shown in Figure 1 , and snapshots of the web-based learning modules are shown in Fig When studying humans, there are a number of procedural actions that must take place, including the approval of an Institutional Review Board (IRB) at the start of the study followed by IRB application renewals if the study parameters change or re-application is necessitated due to time extensions. The beginning of any study is to derive the research questions (RQs). At first, this may seem to be a pedestrian ac- When we originally asked this question, we recognized that there was significant interest in MUVEs across the education communities, but that little work had been done in formally evaluating the touted benefits of MUVEs. Are they really effective, and if so, how? One also needs to determine the social or behavioral science methods needed to answer this question. Various options exist and they are not mutually exclusive: poll, survey, focus group, in-depth interview, content analysis, and experiment. We chose an experiment since that was deemed to be able to provide the most accurate answer to our question. Experiments are concerned with people's responses to treatments under controlled circumstances. A treatment is the condition to which the subjects are exposed. A control means that one attempts to isolate the effects of the treatment by making sure that all other factors are held constant. Our treatment would consist of different levels of the variables of interest to determine their effect on cultural sensitivity and cognition. The MUVE ( Figure 1 ) was used in the experiment and the web-based learning modules ( Figure  2 ) were used as raw material from which to generate the cultural questions for the questionnaires.
Typically, there are many different measurements for humans that one can use, depending on the goals and research questions. For example, this is a partial list: 1) attention: how long (and where) is the subject most attentive to stimuli?, 2) memory: what is the level of recognition, cued recall, and free recall?, 3) emotion: arousal and valence, 4) attitudinal change, 5) behavioral change, and 6) self-reports (subjective). These represent cognitive measures; physiological measures are also possible and are planned, but not reported in our study. For example, skin conductance and heart rate are indices of valence, attention, and arousal. Both subjective (Kamhawi and Grabe 2008) and physiological measures represent valid options when studying human subjects.
Population
It is necessary to define the population of interest when conducting an experiment. Our population was undergraduate university students at the University of Florida. While this population is not a specific match with the ultimately envisioned end users of the study (e.g., analysts, war-fighters, linguists), there was no reason to believe that young adults and this military population would respond differently, both cognitively and emotionally, when exposed to a foreign culture with which they have had no prior experience. In addition, and from a more pragmatic standpoint, for the experiment to take place, we required sampling from a larger and more accessible population and the university population was a logical choice. Subjects are filtered as being acceptable or unacceptable prior to their data being processed for analysis. Subjects that are "filtered out" are in one of three categories: (1) Chinese ethnicity or familiarity with this culture-a subject may have a family or socio-cultural background which could serve as a bias (e.g., the subject may know answers to questions without experiencing the stimuli), (2) knowledge of experimentsthe subject may know how experiments are conducted and might guess at reasons for specific questions, thus potentially causing a bias, and (3) advanced technical knowledge -the subject may be technologically advanced with regard to multi-user virtual environments or coding bots, and this might lead the subject to dwell on technical issues rather than focusing on answering the cultural questions. Recruiting of subjects is performed across the university population, seeking to recruit in those classes not reflective of the previously defined three categories. Subjects are offered $20 or extra credit, with the instructor's consent. Participation is entirely voluntary.
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Refined RQs Yielding Two Experiments
The research question RQ, although a necessary first step, had to be refined into more concrete questions that could be tested. We created the following two questions:
RQ1: What effect does sense of presence have on cultural memory and intercultural sensitivity?
RQ2: How does an immersive environment compare and contrast with a--presumably--less immersive environment such as the Web?
RQ1 and RQ2 provided us with a base from which to design two experiments: one to investigate the role of presence in terms of fundamental differences in amounts of immersion and interaction, and the other to conduct a channel experiment, exposing subjects to one of two channels: immersive (i.e., Second China) and non-immersive (i.e., flash-based animation with audio narration on a web page). Subjects were randomly assigned to one of eight orders, with 4 orders associated with Second China and the remaining 4 with the web stimulus.
For experiments, it is important to use several messages that share a particular factor rather than test the effects of the factor from one message. Since SL stimuli are complex ones involving many variables, there can be several confounding factors that need to be controlled. These are controlled by randomizing them across a range of stimulus messages (Geiger & Newhagen, 1994) . We had two scenarios almost ready for use, and two others were created for a total of four scenarios to serve as the stimuli. The topics of the four scenarios were a Chinese business situation, a visit to a Chinese tea house, Chinese government and politics, and the fourth discussed Chinese parks, streets and money matters. Both experiments used these four culturally authentic scenarios as the basis for generating the stimuli.. We also created four orders to remove any bias that could be caused through the order of scenario exposure having a potential effect on the subject. An order was defined by a sequence of scenario exposures. For example, one order could be 2, 1, 3, 4 indicating the index of the scenario to be run for subjects falling into that order.
The length of time necessary for the participant to complete the activity are approximately 2-2.5 hours for Experiment 1, and 1.5-2 hours for Experiment 2. Delayed measures take 30 minutes, yielding a maximal time per subject as 3 hours for the Second Life subjects and 2.5 hours for the Web subjects.
Experiment 1: Sense of Presence (RQ1)
To study the role of sense of presence, we chose the following independent variables: interaction, immersion, order, gender, and expertise. A low level of interaction was defined by the subject not being allowed to use an input device except at the first and last event as part of a scenario, with the first input triggering the start of the scenario and the last input resulting in the user's avatar sitting down. A high level of interaction was defined by the user interacting throughout the scenario using the mouse and keyboard. A low level of immersion was an over-the-shoulder view of the avatar interacting with the environment, whereas a high level of immersion was a head-based reference frame indicating a view through the avatar's eyes. Each scenario was created in four different versions, with different combinations of interaction and immersion: one low interaction and low immersion, one high interaction and high immersion, one low interaction and high immersion and one high interaction and low immersion. Each participant was exposed to the four different topics/scenarios, presented at different levels of immersion and interaction, so that each participant was exposed to one scenario in high immersion and high interaction, another scenario in high immersion and low interaction, a third scenario in low immersion and low interaction and another scenario in low immersion and high interaction. Order was a control variable to eliminate the effects of the order of presentation. Gender consisted of two levels, male participants and female participants. Expertise is defined as whether an individual has a certain level of 3D game-playing proficiency or MUVE experience
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(i.e., with expert and non-expert levels). There were four orders, varying the sequence of scenarios used for each subject. Subjects always started with an acclimation scenario, allowing them to become accustomed to the MUVE technology, prior to beginning the first sequence of that order. The variables of immersion and interaction are within-subjects variables since each subject experiences each level of the variable. The remaining independent variables of order, gender and expertise are termed between-subjects variables because a subject can be only one level of the variable and not the other. For example, the subject has no choice of gender or level of expertise. Dependent variables for experiment 1 included: Sense of presence (SOP), subjective evaluation measures, cued recall and recognition, and cultural sensitivity. Dependent and independent variables are listed in more detail in appendices A and B for this experiment and the following one.
Experiment 2: Channel (RQ2)
The second experiment was to study human cognitive performance related to a different channel--one that had no immersion or interaction, only flash-based narrated sound slide presentations embedded in a web page. The same four scenarios were used as for Experiment 1. Independent variables were channel, order, gender, and expertise. These are between-subjects variables. Dependent variables were the same as the dependent variables for Experiment 1.
Scenarios and Orders
During the first phase of our project, our goal was to build scenarios for purposes of training an individual on Chinese culture, however, it became apparent that each scenario differed in types and quantity of cultural exposure. It was necessary to control all these scenario differences so we can test the effects of immersion and interaction on our dependent variables and eliminate the possibility for contaminating these results by other differences in the scenarios. To guard against the possibility of these differences resulting in different, and unintended, outcomes in the experiment, we need to operationalize the environment so that all scenarios were equal in terms of quantity of cultural information, level of interest to users, and number of bots visible to the user. For example, each scenario had exactly five units of cultural information presented by audio to the subject. Navigation was regulated by placing red dots as waypoints indicating where the user was to make his/her next move. Having multiple orders within the experiment served a similar purpose--to remove the possibility of contamination or bias resulting from the way the scenarios were ordered while maintaining the essence of the original, and training-motivated, culturally-rich scenarios. In the design of the stimuli there is a dilemma where the researcher has to choose a point between two extremes on a continuum, control and regulation of all aspects of the environment and less control to keep the true nature of the environment. The first is necessary to remove all possibilities for any extraneous variables that can affect how the users react to the medium. The environment could be "sterilized" of all extraneous variables to reduce the chance of error in the results; the effect studied is that of the independent variables and nothing else. The second is necessary to claim ecological validity, to keep the extraneous elements of the environment that make it unique or different from other media. In this experiment, for example, the researchers used red buttons to guide the users into taking certain routes within the environment, a form of control that is not present in the non-experimental, education-oriented version of this medium, but necessary to ensure that all users were exposed to exactly the same pieces of information that were also presented to the Web group. At the same time variables that are true to the virtual environment--such as the presence of other beings (bots) in the space and allowing the users to freely navigate from one scenario location to another--were added to make the environment as faithful as possible to the non-experimental version of the virtual environment. Figure 3 shows a top view of a sample scenario: the Tour Scenario, where the subject learns about Chinese government. The cultural content is triggered by or related to items encountered in the MUVE, thereby contextualizing cultural content as it may be encountered or triggered in real life. For example:
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the Chinese Communist Party (CCP) emblem triggers information about the CCP and the US flag triggers information about U.S.-China relations. This is typical of each of the four scenarios. The subject starts at a "red X" near a bot which serves as a walking guide for the scenario. The yellow path shows the path taken by both the bot and the subject, who follows the bot along the path. The subject begins at location (29,69.24) which is an X, Y, Z location, and then walks by the government building and then moves toward and sits on a park bench located in the government square across from the building. The bot guides the user's avatar and, while speaking, provides cultural information by having the subject interact with (in the case of high interaction) or look at (in the case of low interaction) a monument and a globe. Figure 3 : The government scenario --one of four on the island. Table 1 illustrates a part of the finite state machine (FSM) used to formally define the behavior of the bot in each scenario and the cultural content to be delivered, and thus, the order of individual scenario events. The FSM was useful in not only defining interactive bot behavior, but also served as a means of communication among team members responsible for the definition of culturally appropriate actions and software engineers who were required to write code to facilitate these actions within Second Life. For example, the start state of the FSM indicates where the bot is to be located in X,Y,Z coordinates (29, 69, 24) and when the government scenario begins, audio is delivered which states "Click on the red button." The event of the avatar touching the red button causes a state transition where the bot says, "Please come with me." Events that cause change of state tend to be either touch or proximity events. LEARNING_ABOUT_CC P
INSTRUMENTS
The dependent variables, sense of presence and intercultural sensitivity, were measured with specially developed scales. Presence itself refers to "a sense of being there" within the virtual environment (Marsh, Wright, & Smith, 2001 ) and is a "key aspect of the virtual experience" (Waterworth & Waterworth, 2001, p. 211) . Sense of presence has been measured in a multitude of ways (Mikropoulos, 2006 ), but our research team determined the ITC-Sense of Presence Inventory (ITC-SOPI), developed by Lessiter, Freeman, Keough, and Davidoff (2001) , to be best suited for this study. ITC-SOPI measures four identifiable presence types or factors: spatial presence (related to sense of physical presence), engagement (with the objects and others in the stimuli), ecological validity (how natural the environment feels), and negative effects (e.g. experiencing eye strain or feelings nauseated). The ITC-SOPI uses a Likert-type scale, with respondents rating their experiences for each item asked. For intercultural sensitivity, the Intercultural Sensitivity Scale (ISS) by Chen and Starosta (2000) was used. However, this instrument was modified in order to not only measure intercultural sensitivity toward other cultures in general (intercultural sensitivity), but also sensitivity toward one culture, that of China Fishwick, Kamhawi, Coffey and Henderson (cultural sensitivity) . In order to accomplish both ends, the original ISS was expanded to include a parallel set of scale items inquiring about feelings toward Chinese culture and persons, in addition to the existing instrument that asked about feelings toward other culture and persons in general. The instrument, then, was double in size to accomplish the purposes of this study and to be able to compare and contrast Second China's effect on both (a) cultural sensitivity toward China and its people, and (b) intercultural sensitivity toward other cultures in general.
INITIAL RESULTS
While final results are still pending, preliminary analysis based on the first 50 subjects reveals some promising findings. We qualitatively summarize them here. For Experiment 1 (Sense of Presence), we were looking for any interaction effect between immersion and interaction, the two elements comprising our operational definition of "sense of presence." We were looking for any statistically significant effect that the combination of these two independent variables, working in tandem, may have had upon our dependent variables of cultural knowledge and cultural sensitivity. We did not find any such interaction. It seems that higher perceived interaction by subjects produces a greater sense of presence on spatial and engagement factors. The greater the perceived interaction level, the more intensely involved they feel, and the more aware they are of the space and objects surrounding them within the virtual space. In addition to the positive outcomes for spatial and engagement presence factors, the perceived high interaction condition (when compared with low interaction) made subjects feel more in control and happier, and they perceived the high interaction condition of the virtual scenario as more believable, and just slightly more informative and objective. Experiment 2 (Channel), early results suggest that Second Life may be a more effective medium than the Web for increasing cultural learning, at least on some levels. Specifically, visual recognition (immediate and delayed) produced significantly better results within Second Life than within Web stimuli, and showed superior results for all four presence factors-"spatial," "engagement," "ecological validity/naturalness," and "negative effects"-as well as for some of the evaluation measures. Verbal (textbased) recognition did not produce superior results within Second Life. Preliminary results for cultural sensitivity were not analyzed.
Overall, initial results seem promising for the use of 3D virtual environments for increasing cultural learning, particularly those 3D virtual spaces, such as Second China, that provide perceived high interaction conditions, and that provide visually-based learning opportunities. Generally speaking, subjects were happier when using Second Life, and perceived the content in that environment as more important and more enjoyable, than compared to Web scenarios of the same content. It is possible that main effects will yet surface for immersion or that an interaction effect will appear for the combination of immersion and interaction, once all subjects (N=160) have been tested and the study is complete.
RELATED WORK
Related work is viewed within the simulation community, and also within the study of presence. Within the simulation community, related research on the formation of similar environments to ours includes the following areas: training, education, and agents; however, the most relevant related work is in how these environments are assessed in terms of their effects on humans. Fishwick (2007) provides a compilation of modeling methods, including agent-based approaches and those based on state machines used for coding the bot behaviors for each scenario. Agent-based simulation (Luke et al. 2005; Yilmaz et al. 2006 ) is particularly suited to this type of scenario dynamics. The use of virtual reality is well known in simulation (Macredie et al. 1996) but is only recently being used within multi-user virtual environments . The general area of verification and validation in simulation (Sargent 2009 ) covers methods for verification of implementation against requirements and validation of model behavior against observed physical behavior, but is not focused on human performance. Formal studies of humans regarding modeling and simulation are beginning to appear (Tako and Robinson 2009, Monks et al. 2009 ). In terms of empirically analyzing virtual environments, Cooper (2009) finds support for one of two hypotheses indicating a positive relationships between level of engagement and performance. Virtual environments such as Second Life support broad-based educational goals such as multiple perspectives, situated learning, and transfer to real-world environments (Dede 2009 ). Work performed in studying the cognitive effects of presence has been conducted in relation to health communication, e.g. in an effort to treat anxiety and phobias (Hodges et al., 1994; Ku et al., 2006; Orman, 2003 Orman, , 2004 Rothbaum et al., 1995; Schuemie et al., 2001; Slater et al., 2006) and medical students are using virtual environments as training aides for patient interaction (Deladisma et al., 2007; Stevens et al., 2006) . The U.S. military has begun exploring the value of virtual environments as a way to relieve combat stress (Etengoff, 2008; Vargas, 2006; Cain Miller, 2009) . Commercial entities such as IBM have also experimented with Second Life, to better understand the economic and marketing potential the environment might provide (Holtz, 2007) . Reuters and CNN are among the journalism organizations experimenting there, though more studies examining virtual environments' possible applications to mass media and journalistic endeavors are needed.
CONCLUSIONS AND LESSONS LEARNED
The first half of our Second China work was building the environment --both in terms of all of the cultural knowledge in the web-based learning modules as well as the Second Life-based environment, Second China. Building that environment for learning and training came with its own set of challenges. The second half of our work has been to test this environment, and this manuscript serves as a summary of that experience. At this writing, the experiment has not concluded (21 subjects remaining from a total sample of 160), and we estimate completion in July/August 2010. After completion, there will be a vast amount of data which must be analyzed. The following represent some key lessons learned from the experience, with regard to the testing phase of the project. These lessons primarily reflect items that resulted in increased time, labor, and expense:
• Stimuli creation: originally, two scenarios were built. However, for the design of an experiment while varying order of exposure to scenarios, we needed four scenarios. Also, we needed to construct an acclimation scenario for those without the proper requisite background in navigating 3D environments. The key issue, however, was that scenarios that may be appropriate for learning and training are not necessarily ready to be directly employed within an experiment. We placed red buttons to force waypoint navigation and were required to standardize the look and feel of each scenario. To do otherwise would jeopardize the experiment through scenario bias. We also have encountered technical problems with the Second Life service, but mainly in the operation of the bots, which are integral to providing social presence in-world. Unfortunately, bots are not officially supported by Linden Labs, although they are permitted if identified as such and if used for education and training purposes on owned land. Bot clothing and meshes would frequently turn grey, and bots would disappear at random times. Some subject data had to be discarded due to technical problems.
• Cognitive overload: we ran a pilot study prior to the experiment following a peer review and informal focus group feedback. The pilot was particularly useful because we were obtaining results pointing to subjects reporting greater sense of presence with web stimuli than within the MUVE. We hypothesized that this anomaly was due to the use of text in providing all instruction-based and culturally-based material. The text was shown in the lower-left portion of the screen and we estimated that this "broke presence." The start of the experiment was delayed to recode all instructional and cultural information into an audio mode rather than text, with the hope that audio mode would induce less cognitive overload.
• Recruiting: Originally, we had designed an experiment with 320 subjects and, moreover, we had a design to test a hypothesis that Second Life environments served to motivate subjects to learn non-immersive, web-based, knowledge. This turned out to be difficult since recruiting
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took longer than expected based on student availability. We found that most university students are driven more by extra credit than monetary compensation, but also that extra credit is not a motivation until later on during an academic semester. Due to our need to cover both level of expertise and gender, we encountered difficulty in obtaining needed subjects to fill into the treatment bins, whereas some other treatment bins were full.
In summary, there have been significant obstacles to executing and completing these experiments. In hindsight, we could have simplified the experiments. A simple mechanism would have been to have only one research question and to have chosen fewer variables. However, the complexity and scope of these experiments is expected lead to new insights that go far beyond training transfer questions to where we better understand how, where, and why MUVEs are potentially useful across a wide range of disciplines and training platforms.
